aim: Merkel cell carcinoma (MCC) is a rare neuroendocrine, cutaneous malignancy with poor prognosis once metastasized. The aim of this study was to conduct a systematic literature review to assess clinical outcomes associated with chemotherapy regimens in metastatic MCC. materials & methods: Embase®, MEDLINE®, MEDLINE®-In-Process and CENTRAL were searched for studies published in January 2016. Results & conclusion: Overall, the literature on chemotherapy in patients with metastatic MCC is sparse, with most studies being case series/reports. Across all studies, response rates ranged from 20 to 61%, with higher response rates in first-line setting (53-61%) versus second-line setting (23-45%). Among responders, duration of response was short (≤8 months) in both first-and second-line settings. There is a need for novel agents that can induce durable responses in metastatic MCC. 
systematic review Nghiem Patients with MCC usually present with a firm, painless, rapidly enlarging, cutaneous tumor nodule that is typically dome shaped; superficial ulceration is rare, but may also be present, particularly in the later stages of disease [4, 13] . MCC may grow rapidly on chronically sun-exposed skin, and once MCC develops, distant metastases typically arise within the first 3 years following diagnosis [14] . According to the 2010 American Joint Commission on Cancer (AJCC) classification, patients with MCC are categorized into different stages according to their clinical characteristics -stage I: patients with a primary tumor size of ≤2 cm; stage II: patients with a primary tumor size of >2 cm); stage III: patients with positive nodal disease; and stage IV: patients with distant metastases [15] . Prognosis in patients with MCC is poor [2] [3] [4] ; the overall relative 5-year survival rate among all patients with MCC is 54% compared with age-and sex-matched population data (calculated as the ratio of the observed and the expected average of the population-based probabilities for each patient in the cohort), falling to 18% in patients with stage IV metastatic disease [5] . Similar findings were reported in an analysis of a National Cancer Data Base Participant User File with follow-up and staging data (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) of 9387 MCC where the 5-year overall survival (OS) was 51% for local disease, 35% for nodal disease and 14% for distant metastatic disease [16] .
There are currently no approved therapies for patients with MCC, and no consensus exists on the most effective treatment strategy, particularly in advanced tumor stages [17, 18] . The choice of treatment depends on the stage of the disease, the tumor location and any comorbid conditions [18] . At early stages, surgery is the primary treatment modality with sentinel lymph node biopsy. Radiation therapy can be considered for primary therapy in patients who are not surgical candidates, while chemotherapy is reserved for metastatic disease or only as palliative therapy in symptomatic patients [18] .
The National Comprehensive Cancer Network guidelines state that MCC is a chemotherapy-sensitive tumor, but the use of chemotherapy in these patients is not well defined, and guidelines recommend participation in clinical trials for patients with metastatic MCC [18, 19] . Treatment options recommended in guidelines are based on treatments for small-cell lung carcinoma due to the similar neuroendocrine properties to MCC [18, 19] . Commonly used regimens include a platinum agent ± etoposide phosphate, cyclophosphamide, doxorubicin (or epirubicin) and vincristine, and topotecan [18, 19] . However, no studies have directly evaluated the efficacy of one regimen over another, and most are associated with significant toxicity [18, 20] . Although surgery and/or radiation therapy may be curative for patients with locoregional MCC without distant metastases, recurrences are common and often incurable [21] . Even in patients with local or regional disease, approximately 48% of patients ultimately develop recurrent disease. Studies have shown that among patients who experienced recurrence, the median time between diagnosis and recurrence is 9 months [14, 22] .
Currently, the literature on the use of chemotherapy in advanced/metastatic MCC is inadequate to definitively assess whether chemotherapeutic regimens improve either progression-free survival (PFS) or OS in patients with MCC, and thus their routine use in MCC cannot be recommended on the basis of the current evidence [18] . Thus, the aim of this study was to conduct a systematic literature review of available studies or case series assessing the efficacy, health-related quality of life (HRQoL), safety and tolerability outcomes associated with chemotherapy regimens for the treatment of patients with metastatic MCC, to inform the current clinical landscape in metastatic MCC and to highlight any evidence gaps. As immune therapies are now being explored in MCC, it is important to document what is currently known regarding traditional chemotherapeutic approaches for MCC to provide a context for discussion.
materials & methods
A systematic literature review of Embase ® , MEDLINE ® , MEDLINE ® -In-Process and CENTRAL was conducted from database inception to January 2016 to capture efficacy, HRQoL and safety/tolerability outcomes of systemic interventions in patients with metastatic MCC. Bibliographic searching for potentially relevant publications and ongoing trials was also conducted in October 2015 (The Cochrane Database of Systematic Reviews [23] , Database of Abstracts of Reviews of Effects [24] , Orphanet website [25] and GLOBOCAN website [26] [31] , European Association of Dermato Oncology [32] , European Cancer Congress/European Society for Medical Oncology [33, 34] , International Federation of Head and Neck Oncologic Societies [35] , International Society For Pharmacoeconomics and Outcomes Research [36] , Society for Melanoma Research [37] and World Congress of Dermatology [38] . To be included in this review, studies had to meet the eligibility criteria presented in Box 1. As the objective of this review was to evaluate outcomes with chemotherapy regimens in patients with MCC, studies that did not evaluate chemotherapy regimens were not covered systematically. Due to the limited evidence based on prospective clinical trials retrieved in patients with distant metastatic MCC, both case series and case reports were also included in this review. Since Tai et al. [20] , one of the seminal publications for this review, had already included case reports published prior to 1997, we included case reports published from January 1997 to January 2016 to avoid double counting. Included studies were classified based on the type of metastasis:
• Distant metastases: These refer to cancer that has spread from the original (primary) tumor to distant organs or distant lymph nodes;
• Regional metastases: These refer to cancer that has grown into surrounding tissues or organs or lymph nodes;
• Unclear/mixed metastases: These refer to studies where it was difficult to categorize cancer into distant or regional metastases.
Screening of studies and data extraction was conducted by two independent reviewers, with any discrepancies reconciled by a third independent reviewer.
Results

•
• characteristics of the included studies
Searches of the literature databases, screening of conference abstracts and bibliographic searches resulted in the inclusion of a total of 45 studies from 47 publications that evaluated pharmacological interventions in patients with MCC. Ten of the 45 studies did not evaluate chemotherapy regimens (these included targeted therapies or immunotherapies) and were therefore excluded from the review. Of the 35 studies included in the review, 33 studies reported data from patients with distant metastases; 3 reported data for metastatic MCC not differentiating between distant and locoregional diseases; and 3 reported data from patients with regional metastases (Figure 1) (the number of studies categorized by types of metastases exceeds the total number of included studies because some studies reported outcomes for ≥1 type of metastases). table 1 presents the list of the 35 studies included in the review.
The majority of studies reporting outcomes in patients with distant metastases were case reports (n = 17) with 12 case series, and 5 retrospective studies/literature reviews. Three of these were literature reviews that included case series/reports; however, due to the scarcity of data, these were included in this review [20, 41, 42] . Notably, a few of the case series retrieved in this review were also captured in the previous literature reviews and have been double counted in our review; these are indicated in table 1. The reason for including these case series was to extract details not provided in the previous literature reviews, such as patient populations, dosing regimens and survival outcomes.
In studies reporting outcomes in patients with regional metastases, one study was a retrospective study/literature review and the other two studies were case series. Three of the studies for which the type of metastases was unclear (referred to as 'metastatic MCC') were retrospective studies/ literature reviews.
Across the included studies, the most commonly reported outcomes were objective response rate (ORR) that includes complete response (CR) and partial response (PR), followed by overall mortality and median OS. Most of the included studies did not specify the criteria used to assess ORR, with only four studies specifically mentioning Response Evaluation Criteria In Solid Tumors (RECIST) criteria [39, 40, 51, 59] . Other reported outcomes included duration of response (DoR), safety, median PFS, and both OS and PFS rates. None of the included studies reported data on quality of life in patients with metastatic MCC.
•
• Patients & disease characteristics
Based on the retrospective studies/literature reviews and case series, the median age (where reported) ranged from 54 to 78.5 years. The proportion of men was higher than the proportion systematic review Nghiem The head and neck, limbs and extremities were the most common primary tumor sites in the included studies, where as reported with the liver, skin, lymph nodes and lungs being the most common sites of metastases.
There was a large variability in the chemotherapy regimens assessed in each of the studies, with most not reporting outcomes by line of therapy. Overall, the most commonly used chemotherapy regimens were platinum-based with or without etoposide (74% of studies), and cyclophosphamide, doxorubicin and vincristine (31% of studies).
• • efficacy outcomes reported in the included studies table 2 presents a summary of key efficacy results from the studies included in the review.
Distant metastatic MCC
A total of 5 retrospective studies/literature reviews assessing patients with distant meta stases were included in the review. Across these five studies, ORR in both the second-line and firstline setting ranged from 23% in the second-line and 52-61% in the first-line, or mostly first-line, as some studies did not stratify results by line of therapy (CR: 3-37%; PR: 20-40%) [20, [39] [40] [41] [42] . In studies that specified line of therapy, response rates were higher in the first-line setting (ORR: 52-57%) [39, 41] compared with the second-line setting (ORR: 23%) [39] . However, irrespective of line of therapy, responses to chemotherapy were not durable and only lasting up to a median of 6 months (reported in three studies) [20, 39, 40] . Among responders, median DoR of one study was reported to be higher among patients receiving second-line therapy compared with first-line therapy (4.2 vs 2.8 months) [39] . However, this should be interpreted with caution due to the small number of responders, and outcomes may have been affected by selection bias in the second-line setting. Median PFS was short regardless of the line of therapy; 3.1 months in the firstline setting versus 2 months in the second-line setting [39] . Median OS was reported in two of the five retrospective studies/literature reviews, ranging from 9 to 9.5 months [39, 41] .
Similar findings were reported in case series, where a higher proportion of patients in the first-line setting achieved CR compared with patients receiving second-line therapy. Similar to findings from retrospective studies/literature reviews, DoR was higher among patients receiving first-line therapy compared with those receiving second-line therapy (4 vs 2 months).
None of the included studies were designed to compare differences in response among different interventions.
A summary of response rates from the included case reports has been presented in table 3. In agreement with the retrospective studies/literature reviews, findings from the small-sized case reports may suggest that the proportion of patients achieving a PR was higher among patients receiving chemotherapy in the first-line setting (24% or 4 of 17 patients) compared with the second-line setting (20% or 1 of 5 patients) [64, 67, 68] . None of the patients treated in the third-or fourth-line settings achieved a CR [59, 63] . The proportion of patients achieving a CR was slightly higher among those receiving platinum-containing Yes [20, 41] Case report and review of literature Unclear 46 -Doxorubicin/cyclophosphamide regimens, platinum regimens and miscellaneous regimens [42] Tai et al.
No Case series and review of literature Unclear 103 -Cyclophosphamide/ doxorubicin (or epirubicin)/ vincristine combination ± prednisone, etoposide/ cisplatin (or carboplatin) [20] Voog et al. -Different chemotherapy regimens were used. Most commonly used were -CAV; platinum + etoposide; doxorubicin + cisplatin [41] Case series (n = 12) Bourne and O'Rourke (1988)
Yes [42] Case series Unclear 4 -Cyclophosphamide + doxorubicin + vincristine + prednisolone [43] Boyle et al.
Yes [20, 41] Case series Unclear 13 -Chlorambucil or mitozantrone alone or etoposide, carboplatin, cyclophosphamide, chlorambucil, vincristine, doxorubicin and epirubicin in various combinations. Four patients received radiotherapy in combination with chemotherapy [44] Crown et al.
Yes [20, 41] Case series Unclear 9 -Different combinations of cyclophosphamide, doxorubicin, vincristine, cisplatin, streptozotocin, fluorouracil, Ieucovorin, prednisone, methotrexate, melphalan and lomustine [45] Fenig et al.
Yes [41] Case series First and second line 2 -Cisplatin -VP 16 and cyclophosphamide, methotrexate and 5-flurouracil + VP-16 [46] Feun et al.
Yes [20, 41, 42] Case series Unclear 6 ¶ -Chemotherapy regimens included a combination of melphalan, dactinomycin and nitrogen mustard, methotrexate, cisplatin and bleomycin, intra-arterial cisplatin and adriamycin-containing regimen [47] Grosh et al.
Yes [20, 41, 42] [51] † Studies that reported outcomes for ≥1 type of metastases are repeated across multiple rows. ‡ Since conducting our review, this study has been published as a full-text article [73] . § Of the 101 patients included in the study, 72 had distant metastases and 29 had regional or nodal metastases. ¶ Of the 13 patients included in the study, 6 had distant metastases and 7 had regional or nodal metastases. # Of the six patients included in the study, two had distant metastases and four had regional or nodal metastases. 
No Case series Unclear 3 -Cyclophosphamide, doxorubicin, and vincristine, etoposide and cisplatin [20] Tai et al. Wynne and Kearsley
Yes [20, 41, 42] Case series First line 4 -Cyclophosphamide, doxorubicin and vincristine, prednisone [53] Case reports (n = 17) Noell et al.
No Case report First, second and third line 1 -Palliative regimen of carboplatin and etoposide followed by gemcitabine and temozolomide [63] Orlova et al.
No Case report First line 1 -Cisplatin + etoposide -Octreotide [64] SantosJuanes et al.
No Case report First line 1 -Carboplatin + etoposide [65] † Studies that reported outcomes for ≥1 type of metastases are repeated across multiple rows. ‡ Since conducting our review, this study has been published as a full-text article [73] . § Of the 101 patients included in the study, 72 had distant metastases and 29 had regional or nodal metastases. ¶ Of the 13 patients included in the study, 6 had distant metastases and 7 had regional or nodal metastases. # Of the six patients included in the study, two had distant metastases and four had regional or nodal metastases. regimes compared with non-platinum-containing regimens (21 vs 17%, respectively). More patients on platinum-based regimens had a PR (29%, 4 of 14 patients) compared with non-platinum-containing regimens (17%, 2 of 12 patients) [59] [60] [61] 68] . DoR was reported in two patients to be 6 months (second-line high dose cisplatin, etoposide and ifosfamide regimen) and 10+ months (first-line cisplatin and etoposide) [67, 68] . [70] Metastatic MCC (n = 3)
Retrospective studies/literature reviews (n = 3) Di et al.
No Single-arm study Unclear 5 -Fluorouracil, epirubicin and DTIC [71] Savage et al. (1997) Yes [20] Retrospective observational study Unclear 4 -Combination of cyclophosphamide, vincristine and doxorubicin. Other chemotherapy regimens used were oral etoposide, epirubicin and cyclophosphamide, and cyclophosphamide once [72] Voog et al. 
Regional or nodal metastases (n = 3)
Retrospective studies/literature reviews (n = 1) Voog et al. -Different chemotherapy regimens were used. Most commonly used were CAV, platinum+etoposide and doxorubicin + cisplatin [41] Case series (n = 2) Feun et al.
Yes [20, 41, 42] Case series Unclear 7 ¶ -Chemotherapy regimens included a combination of melphalan, dactinomycin and nitrogen mustard, methotrexate, cisplatin and bleomycin, intra-arterial cisplatin, adriamycin-containing regimen [49] † Studies that reported outcomes for ≥1 type of metastases are repeated across multiple rows. ‡ Since conducting our review, this study has been published as a full-text article [73] . § Of the 101 patients included in the study, 72 had distant metastases and 29 had regional or nodal metastases. ¶ Of the 13 patients included in the study, 6 had distant metastases and 7 had regional or nodal metastases. # Of the six patients included in the study, two had distant metastases and four had regional or nodal metastases. Three studies included in our review reported outcomes in patients with unclear sites of metastases (nodal and/or distant) [41, 71, 72] . Similar to reported outcomes in patients with distant metastatic MCC, ORR was higher in the firstline setting (61%; CR: 39% and PR: 22%) compared with second-(45%) and third-line settings (20%). Median DoR in the first-line setting was reported to be 8 months with mixed chemotherapy [41] . Higher ORR and CR rate were observed in patients receiving treatment with 5-fluorouracil compared with other treatments including anthracycline, cyclophosphamide or platinum-based regimens [41] .
Line of therapy was unclear in the remaining two studies [71, 72] . In one study, ORR was reported to be 60%, all being PRs. Median DoR was 3 months with a combination of dacarbazine, fluorouracil and epirubicin [71] . In the second study, four patients received chemotherapy, and only one response (CR) was observed in a patient after treatment with two cycles of cyclophosphamide, vincristine and doxorubicin. However, DoR in this patient was short, lasting only for 2.3 months [72] .
Regional or nodal MCC
In the retrospective study/literature review, a study conducted by Voog et al., the ORR was 69% with a median survival of 24 months among patients receiving first-line chemotherapy for regional/nodal MCC [41] . Reported OS rates were 65% at 1 year, 52% at 2 years and 35% at 4 years [41] . In the case series by Feun et al., CR was achieved in two of seven patients, PR in two of seven patients and SD in three of seven patients on chemotherapy [47] . The case series by Pectasides et al. reported that among the four patients receiving first-line therapy, two patients achieved PR, one patient achieved CR and one patient progressed. Furthermore, of these four patients, two patients received second-line therapy, of which one patient achieved PR and the other progressed [49] .
• • Safety outcomes reported in included studies Distant metastatic MCC Limited safety data were reported in the studies included in our review, with only 8/35 studies reporting adverse events (AEs). In the study by Iyer et al., which included 62 patients with distant metastases, 4 experienced febrile neutropenia, 3 experienced myelosuppression, sepsis was reported in 3 patients, and 1 patient experienced renal failure. Other reported AEs included fatigue, alopecia, nausea/vomiting and mucositis [39] .
Specific AEs were reported in five case series [45, 50, 51, 53, 71] . These included alopecia in five patients, neutropenia in four patients (three being grade 3), gastrointestinal toxicity (grade 2) in two patients, while hematologic toxicity (grade 2), renal toxicity (grade 4), sepsis (grade 4), abdominal pain and paraplegia were reported in one patient each [50, 51, 53, 71] .
Five studies reported death due to AEs [41, 45, 49, 51, 53] . These included the following:
• Nine deaths out of 101 patients in one study, 6 of which occurred after a doxorubicin-containing regimen. The causes of death were septic shock with febrile neutropenia (five patients) and grade 4 renal toxicity (one patient). The cause of death for the remaining three patients was not reported [41] ;
• Two deaths due to leukopenia out of nine patients in one study, one induced by streptozotocin fluorouracil and leucovorin and the other induced by cyclophosphamide and doxorubicin [45] ;
• Two of four patients in two studies (two were due to pneumonia, one following treatment with etoposide and the other with cyclophosphamide, doxorubicin, vincristine and oral prednisone) [51, 53] ;
• Two deaths out of two patients in one study, both due to disease progression following treatment with cisplatin, ifosfamide and epirubicin [49] .
We could not identify any reports of quality of life or patient-reported outcomes in MCC subjects treated with chemotherapy.
Discussion
MCC is generally considered to be a chemotherapy-sensitive tumor, but the current literature on the use of chemotherapy in patients with metastatic MCC is sparse, with most studies being case series, case reports or reviews. Of the 35 studies identified in our review assessing chemotherapy outcomes in patients with metastatic MCC, only 9 were retrospective studies/ literature reviews, with the remaining being case series and case reports. After consideration of systematic review Nghiem future science group www.futuremedicine.com the available evidence, it is evident that patients with metastatic MCC have a poor prog nosis, with frequent responses to chemotherapy but a short DoR. A limited number of studies reported efficacy results according to line of therapy; however, the available evidence suggests that response rates are higher with firstline therapy than at later lines, with a short durability of response (≤8 months) in both the first-and second-line settings. Furthermore, the short-term tumor responses to chemotherapy are at the cost of considerable toxicities, especially hematological toxicity. Our findings are in agreement with a retrospective observational study published after the cut-off date of our review. The study used data obtained from the No patient had response lasting 6 months [74] . Since conducting our review, one of the poster presentations included has been published as a full-text manuscript [39, 73] , and the findings and conclusions from this study are in agreement with the findings from our review. In this retrospective study of 62 patients with distant metastatic MCC, treated with cytotoxic chemotherapy, the response rate to first-line chemotherapy was 55% (34/62) with 13% achieving CR and 42% PR. Among responders to first-line chemotherapy, median DoR was 2.8 months. Among the 30 patients who received secondline chemotherapy, response rates were lower than those with first-line therapy (23%) with a median DoR of 3.3 months [73] .
Currently, the impact of chemotherapy on OS remains unclear. In the studies retrieved in our review, median OS was reported to be 9 [41] and 9.5 months [39] in two retrospective studies/literature reviews. A recent retrospective observational study that was published after the cut-off date of our review assessed the impact of chemotherapy in 205 patients with MCC, of which 43 patients had distant metastases. The study found that for the whole cohort, 2-year OS was not significantly increased with the use of chemotherapy (41%: no chemotherapy, 68%: with chemotherapy; p = 0.222) [75] .
The current use of cytotoxic chemotherapies that rarely provide a durable response highlights the need for new, alternative treatment options. In the majority of cases, MCC appears to be an oncovirus-induced cancer, as MCPyV has been designated as an oncogenic virus [76] . However, the etiology of MCPyV-negative MCC may be more related to UV-induced DNA damage. In any case, UV and immunosuppression are major risk factors for developing MCC [8] . There is considerable evidence to suggest that immune system dysfunction contributes significantly to the course of MCC, implying that therapeutic agents that promote antitumor immune responses might be beneficial in MCC [77] [78] [79] [80] . One potential mechanism contributing to tumor growth is the expression of immune-inhibitory ligands in the tumor microenvironment such as PD-L1 [81] . PD-L1 is an immune checkpoint protein that binds to its main receptor, PD-1. PD-1 is expressed by activated T lymphocytes and the binding of PD-L1 to PD-1 inhibits kinase signaling pathways involved in T-cell proliferation, survival and cytotoxic activity (including cytokine release), thus preventing overstimulation of immune responses [82] [83] [84] . Upregulation of PD-L1 occurs in the presence of inflammation and is observed in many tumor types, enabling tumors to avoid and escape immune surveillance. Blocking the interaction between PD-1 and PD-L1 is thought to enable the reactivation of T cells and the engagement of the adaptive immune system [85, 86] . Indeed, this has already been applied in several cancer types such as advanced melanoma, head and neck squamous cell carcinoma and non-small-cell lung cancer, where both nivolumab and pembrolizumab have shown benefit in these patient populations [87] [88] [89] [90] [91] [92] [93] .
PD-L1 expression has also been described in MCC tumor cells, and in tumor-infiltrating and peritumoral leukocytes [81, 94] , and both avelumab (MSB0010718C; anti-PD-L1) and pembrolizumab (anti-PD-1) have shown promising initial results in patients with metastatic MCC. In an ongoing, multicenter, Phase II trial of 88 patients with MCC (largest MCC trial to date), treatment with avelumab, an investigational anti-PD-L1 therapy, showed durable antitumor activity in patients with chemotherapy-refractory metastatic MCC in secondand further-line therapy. In this trial, the ORR was 32%; 23/28 responses (82%) were ongoing at the time of the report; the 6-month DoR was 29%; the 6-month PFS rate was 40%; and the 6-month OS rate was 69%. Responses to avelumab occurred in patients with PD-L1+ and PD-L1-tumors, and MCPyV+ and MCPyVtumors [95] . Similarly, in another ongoing, multicenter, Phase II noncontrolled study in patients with previously untreated (first-line), advanced (locoregional or distant) MCC, pembrolizumab was associated with an ORR of 56% [96] , with responses in patients with McPyV+ and McPyVtumors (ORRs of 62 and 44%, respectively). The rate of PFS at 6 months was 67% [96] . Other immunotherapies being investigated in MCC include IL-12 and ipilimumab (cytotoxic T-lymphocyte antigen-4 inhibitor) [97, 98] . These data suggest that immunotherapies have the potential to improve outcomes in patients with metastatic MCC and may provide new treatment options for this patient population. Based on the information retrieved through this systematic literature review, a number of data gaps were identified. The literature was not consistent with the staging systems used to classify patients with MCC. A consensus staging system for MCC was introduced by the AJCC in 2010 and has since been adopted worldwide [15] . However, in the years prior to the AJCC staging system, a number of different staging systems for MCC had been published, all of which were based on cohorts of fewer than 300 cases and derived from 3 or fewer institutions, with a number of discrepancies among the different staging systems [14, [99] [100] [101] [102] . This has made comparisons between studies challenging.
A limited number of studies included in our review reported data specific to first-line or second-line therapy. Therefore, it was difficult to draw any comparisons relating to the efficacy of interventions according to line of therapy. In addition, across the retrospective studies/ literature reviews that evaluated patients with distant metastases, three were also literature reviews [20, 41, 42] . Hence, there is an evident risk of bias associated with selection of studies and selective reporting of results, as well as double counting studies that were included in the previous reviews [20, 41, 42] . Moreover, the evidence retrieved from most of the included studies was executive summary merkel cell carcinoma is a rare, aggressive & immunogenic skin cancer
• Merkel cell carcinoma (MCC) is a rare neuroendocrine, cutaneous malignancy, which occurs more frequently in elderly individuals, exhibits aggressive clinical features and is associated with a poor prognosis.
• The etiology of MCC is likely multifactorial, with immunosuppression, ultraviolet-induced skin damage, and viral factors (Merkel cell polyomavirus) contributing to disease development.
• MCC may grow rapidly on chronically sun-exposed skin, and once MCC develops, distant metastases typically arise within the first 3 years following diagnosis.
currently, there are no approved treatment options for patients with metastatic mcc
• Treatment has been primarily limited to chemotherapy or investigational therapies.
• The literature on the use of chemotherapy in advanced/metastatic MCC is inadequate to definitively assess whether chemotherapeutic regimens improve either progression-free survival or overall survival (OS) in patients with MCC, and thus their routine use in MCC cannot be recommended on the basis of the current evidence.
Outcomes with chemotherapy in patients with metastatic mcc are poor
• We conducted a systematic literature review of Embase®, MEDLINE®, MEDLINE®-In-Process from database inception to January 2016 to capture efficacy, health-related quality of life, and safety/tolerability outcomes of systemic interventions in patients with metastatic MCC.
• The database search retrieved 3425 citations, of which 35 met the inclusion criteria. Of these, 33 studies included patients with distant metastases, 3 with metastatic MCC not differentiating between distant and locoregional diseases, and 3 studies with regional metastases.
• Most of the studies were case series/case reports.
• Across all included studies, response rates ranged from 20 to 61%, with higher response rates in the first-line setting (53-61%) compared with second-line setting (23-45%).
• Among responders, duration of response was short (≤8 months) in both the first-and second-line settings.
conclusion
• The literature on the use of chemotherapy in patients with metastatic MCC is sparse.
• Although initial responses to chemotherapy were reported, duration of response was short.
• There is a need for novel agents that can induce durable responses in metastatic MCC.
systematic review Nghiem, Kaufman, Bharmal, Mahnke, Phatak & Becker future science group based on small sample sizes (as small as two patients) with variability in the chemotherapy regimens assessed, making it difficult to establish any differences in outcomes between lines of therapy and chemotherapy regimens. This highlights the need for robust trials in this patient population. There was also variability in defining response rate across the included studies; only four studies assessed response based on RECIST criteria, while this was unclear in the majority of studies [39, 40, 51, 59] . Finally, limited data on safety outcomes were reported across the included studies, and no studies reported data on HRQoL among patients with metastatic MCC.
Future perspective
With emerging clinical data for checkpoint inhibitors in MCC, we believe that immunotherapies have the potential to improve outcomes in patients with metastatic MCC and may provide new treatment options for this patient population in the future.
conclusion
The findings of this comprehensive literature review suggest that irrespective of the type of metastases, outcomes with chemotherapy regimens in patients with MCC are poor. However, reported response rates to first-line chemotherapy were better compared with second-line chemotherapy. Still, DoR to chemotherapy regimens was short in both the first-and second-line settings with disease recurring in most patients by 6 months. 
